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The association of body composition parameters with nonalcoholic hepatic steatosis

Viicut kompozisyon parametreleri ile nonalkolik hepatosteatoz iligkisi

Mesut Sipahi', Halil ibrahim Serin?, Mustafa Fatih Erkoc¢?, Cigdem Unal Kantekin®, Ergin Arslan’,

Hasan Borekgi!

ABSTRACT

Objective: Nonalcoholic fatty liver disease (NAFLD)
which is strongly correlated with obesity; has been a com-
mon worldwide health problem with the improvements in
social status. Body composition studies are accepted as
a simple follow-up tool for treatment of obesity. Since the
correlation of body mass index (BMI) with the hepatos-
teatosis (HS) is well known; the aim of this study was to
assess the usefulness of body composition parameters
(BCP) to determine HS on NAFLD patients; using dual
bioimpedance analyzer (BIA).

Methods: A total of 253 patients with diagnosis of NAFLD
were included into the study. The demographic param-
eters such as age, sex and BMI were collected; and the
ultrasonographic (US) evolution was performed to deter-
mine the HS stages. The BCP, such as amount and the
percentage of total body fat, fat free mass, and total body
water were assessed with the dual bioimpedance ana-
lyzer.

Results: There were strong significant correlations be-
tween BMI and HS, between BCP and HS (p<0.05).
However, no statistically significant superiority of BCP
was found when compared with BMI regarding diagnostic
value for NAFLD (p>0.05).

Conclusion: According to our results, it can be conclud-
ed that BCP values may have a diagnostic value on diag-
nosis of NAFLD.

Key words: Body composition, bioimpedance analyzer,
nonalcoholic fatty liver disease, obesity

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is de-
fined as the accumulation of fat in adipose tissue
in the patients with an alcohol use of 30 g/day for
men and 20g/day for women; and it is known as

OzZET

Girig: Obezite ile siki korelasyonu bulunan Nonalkolik
yagl karaciger hastahdi (NYKH) sosyal statinin iyiles-
mesi ile birlikte dinya capinda yaygin olarak izlenen bir
hastaliktir. Vicut kompozisyonu c¢aligsmalari obezite teda-
visi takibinde kullaniimaktadir. Vicut kitle indeksi (VKI) ile
hepatosteatozis (HS) arasindaki iligki iyi bilinmektedir. Ca-
lismamizda viicut kompozisyon parametrelerinin (VKP)
hepatosteatoz teshisindeki etkinliginin dual bioimpedans
analizor (BIA) kullanilarak arastiriimasi amaglanmistir.

Yontemler: NYKH tanisi almis 253 hasta calismaya dahil
edildi. Yas, cinsiyet, ve VKI gibi demografik parametreler
ve ultrasonografik hepatosteatoz verileri kaydedildi. Total
yag kitlesi ve viicut ylzdesi, yagsiz vicut kitlesi, total vi-
cut suyu gibi BCP dual bioimpedans analizor ile deger-
lendirildi.

Bulgular: Hem VKI ve HS, hem de VKP ve HS arasin-
da istatistiksel olarak glcli korelasyon oldugu izlendi
(p<0,05). Fakat HS'In tanisal degeri agisindan VKP ve
VKI arasinda birbirlerine Gsttnligu yoktu (p>0,05).

Sonug: Bulgularimiza gére, NAFLD hastaliginda BCP’nin
kullaniminin tanisal degeri oldugu sonucuna varilabilir.

Anahtar kelimeler: Viicut kompozisyonu, bioimpedans
analizor, nonalkolik yagl karaciger hastaligi, obezite

the most common hepatic disease [1]. Although
the incidence of disease is 2.6% in children, it in-
creases by 5" decade showing a value of 26%; and
the most common risk factors are diabetes, obesity
and metabolic syndrome [2,3]. It can recent in a
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huge spectrum from simple hepatosteatosis to fi-
brosis or cirrhosis [4]. It is believed that 10-25% of
simple steatosis progresses to NAFLD, and 5-8% of
NAFLD progresses to cirrhosis in five years period
[5]. Since the clinicopathologic stages of the dis-
ease are well known, the etiology and the accepted
treatment options have been controversial in the lit-
erature. As the incidence of NAFLD is 20-25% of
obese population, it is well associated with obesity
[6]. Additionally, 80% of patients with a diagnosis
of NAFLD show a greater body mass index (BMI)
value more than 30 [1]. It shows a significant corre-
lation with obesity, type Il diabetes mellitus, meta-
bolic syndrome, chronic renal diseases, colorectal
cancer and increased risk for cardiovascular diseas-
es [1]. There is no significant marker in laboratory
studies except a slide increase in AST and ALT val-
ues [7]. Since the golden standard for diagnosis is
biopsy, although the presence of fatty liver in com-
puted tomography (CT) or magnetic resonance im-
aging (MRI) can help diagnosis, the most common
accepted diagnostic tools is ultrasonography (US)
with a 89% sensitivity and 77% specifity [8].

Obesity has been a worldwide health problem
with the increase of sedentary lifestyle and defined
as the excessive fat accumulation in the body with
compromising the health of the World Health Or-
ganization [9,10]. BMI is a practical evaluation
method for obesity with the formula of weight (kg)
/ (height/m) 2 [9]. As the greater values more than
30 kg/m? accepted to classify as obese; individu-
als with a high percentage of body muscles should
not be considered in the definition of obesity. Body
composition assessments, including CT, MRI, Du-
al-energy X-ray absorptiometry (DEXA) and BIA
are reliable tools for determination of obesity [11].
But the usefulness of CT, MRI and DEXA with the
technical and financial difficulties and disadvan-
tages for accessibility, with the increased radiation
explosion; have been discussed in literature before
[11,12]. On the other hand bioimpedance analyzer
(BIA) is measured by the impedance to an applied
small electric current as it passes through the body’s
water pool [13]. It is accepted as an easy reliable
method with its simple application [11,14]. It is
pointed that the abdominal obesity has more effec-
tive value on risk for cardiovascular diseases and
metabolic syndrome [15-17]. The accepted method
for determination of abdominal obesity bases on

waist circumference measurement, but it seems
to be unrealistic. As the most accurate estimation
methods are CT or MRI. Yamakage et all suggested
BIA to be successful at least than CT [11].

The aim of this study was to assess the useful-
ness of body composition parameters (BCP) to de-
termine HS on NAFLD patients using dual BIA.

METHODS
Study population

The ethical approval and patients’ consent form each
patient obtained for the study and the investigation
was performed with obeying the principles outlined
in the Declaration of Helsinki. Subjects were col-
lected from the patients who were referred to radiol-
ogy department for the evolution of abdominal US
for any reason, in three months period (October-
December 2014) prospectively. All patients were
questioned for the any presence history of any acute
or chronic hepatic disease, history of pregnancy or
existing pregnancy and these ones excluded from
the study. After careful evaluation a total of 253 pa-
tients admitted to the study.

Assessment of hepatosteatosis

Abdominal US was performed with an Aloca Pro-
sound A6 (2009; Hitachi Aloka Medical, Ltd. To-
kyo, Japan) equipped with a 7 MHz convex imag-
ing probe. The time gain compensation curve was
adjusted in the neutral position and the general gain
was calibrated in a way that fluid structures such
as the gallbladder contents, inferior vena cava and
aorta were presented anechoic. All the sonographic
measurements were performed with no pressure on
the transducer. Sagittal hepatic sections that encom-
passed longitudinal images of the right liver lobe
and the ipsilateral kidney were obtained. Liver-
kidney contrast with two other well-known US
findings of fatty liver, vascular blurring and deep
attenuation enabled us to grade fatty change semi
quantitatively. Fatty infiltration was graded semi-
quantitatively into four classes: no steatosis (class
0), mild steatosis (class 1), moderate steatosis (class
2) and severe steatosis (class 3).

Assessment of BIA and BCP

Patients were asked to be ready with 3 hours of fast-
ing, at least 24 hour’s period without alcohol and

Dicle Tip Derg / Dicle Med J

www.diclemedj.org

Cilt / Vol 42, No 2, 143-149



M. Sipahi, et al. Body composition parameters in nonalcoholic hepatic steatosis 145

caffeine intake, without strenuous exercise within
12 hours, and post-micturition for BIA analyses.
BIA analyses were obtained with a body composi-
tion analyzer TBF-300 (2006, Tanita corp., Tokyo,
Japan). The BCP, such as amount and the percent-
age of total body fat (% Fat) and the amount of fat
mass (FM), total body water (TBW), fat free mass
(FFM) was recorded. The demographic findings of
the subjects were also obtained. BMI was calculated
with the formula of weight (kg) / (height-m)* and
values lower than 19 accepted as weak, values be-
tween 19 to 23.99 accepted as normal, values be-
tween 24 to 29.99 accepted as overweight, values
between 30 to 39.99 accepted as obese and values
higher than 40 accepted as morbid obesity.

Statistical analysis

Statistics were run using the STATA 11.0 Software
Package (College station, Texas, USA). The results
are expressed as mean = SD, unless indicated oth-

erwise. For the statistical analysis, Student’s t test
for independent and paired continuous variables
and Chi-square test for proportional comparisons of
categorical variables were performed. Spearman’s
test was used for the correlation analyses. Receiver
operating characteristic (ROC) curves were used
to identify the optimal cut-off points. ROC curves
were constructed using 3 cut-off points for the de-
gree of hepatosteatosis measured by the US. To
evaluate the performance of measurements sensitiv-
ity and specificity of each degree of hepatosteatosis
were calculated and the cut-off value producing the
best combination of sensitivity and specificity was
selected for each measurement. The areas under the
ROC curve (AUC) were computed for each mea-
surement and AUC’s of fat, fat mass, free fat mass
and total body water were compared to BMI AUC.
The p-value of <0.05 was considered to be statisti-
cally significant.

Table 1. The body composition parameters values according to body mass index (BMI) values

Number of

. Mean
BMI patients

Standard

- Minimum Maximum
deviation

Male Female Male Female Male Female Male Female Male Female

Weak 1 2 43 845 884 43 22 43 147
Normal 27 22 1434 2108 423 496 61 132 222 315
oy 1o OVer weight 47 31 2418 3106 447 587 161 137 417 40
Obese 32 75  30.66 4029 451 526 233 13 416 506
Morbid obese 2 14 3265 4444 29 298 306 366 347 487
Total 109 144 2362 3533 775 964 43 22 4.7 506
Weak 1 2 24 305 304 24 09 24 52
Normal 27 22 954 1172 354 406 37 62 155 21
ey Overweight 47 31 1907 2199 37 584 12 92 283 396
Obese 32 75 2806 3317 512 644 184 117 396 465
Morbid obese 2 14 3705 4536 191 572 357 335 384 528
Total 109 144 1952 2825 845 1161 24 09 396 528
Weak 1 2 398 26.15 615 398 218 398 305
Normal 27 22 4052 3123 398 222 346 275 494  36.1
gy Over weight 47 31 4379 3503 447 441 29 298 52 493
Obese 32 75 4653 3579 656 437 326 275  60.1 57
Morbid obese 2 14 561 4133 453 326 529 368 593 469
Total 109 144 4397 3533 571 483 20 218  60.1 57
Weak 1 2 543 357 834 543 298 543 416
Normal 27 22 5567 4266 577 302 472 376 675  49.3
Over weight 47 31 5981 4785 64 603 396 407 71 67.4
FFM  Obese 32 75 6356 48.88 896 596 445 376 821 779
Morbid obese 2 14 766 5646 622 446 722 503 81 64.1
Total 109 144 6014 4826 7.81 659 39.6 298 821  77.9

FM: Fat Mass, TBW: Total Body Water, FFM: Fat Free Mass
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RESULTS

There was 109 female and 144 male patients with
the mean age 48 (range 18-83) years. The range of
weight was 35-117.7 kg and the range of height was
143-186 cm. The mean height was 170.3 £ 7.3 cm
and 157 = 6.9 cm, and the mean weight was 79.1 £+
14.1 kg and 75 = 15.5 kg in men and women respec-
tively. The mean BMI value was 27.43 = 4.75 in
men and was 30.9 = 6.71 in women. There were 106
patients in class 0, 61 patients in class 1, 78 patients
in class 2 and 8 patients in class 3. The incidence of
NAFLD was 40.3% in patients with a lower value
of 30 and was 78.2% in patients with a higher value
of 30 in the means of BMI (p<0.01). There was a
positive correlation between the BMI value and
grade of hepatosteatosis in male and female subjects
(p<0.05). As the BMI value and grade of hepatos-
teatosis increases percentage of total body fat, fat
mass, total body water and fat free mass increased

also (p<0.05). These results are shown in Table 1
and 2. In the evolution of %Fat, FM, TBW and FFM
compared with BMI; the areas under the ROC curve
was statistically significant in each group (p<0.05).
The results of ROC analyses are shown in Table 3
and figure 1. There was no significant superiority
between BCP and BMI in the means of correlation
with hepatosteatosis (p>0.05). In the analyses of
sensitivity and specificity of BMI and BCP consid-
ering class 3 HS patients; BMI value at the point of
30 kg/m? has 100% sensitivity and 78.2% specific-
ity in men and BMI value at the point of 29 kg/m?
has 100% sensitivity and 70.6% specificity in wom-
en. The percentage of %Fat has 100% sensitivity
and 80 % specificity in men at the point of 28.1%,
and has 100% sensitivity and 75.5 % specificity in
women at the point of 36.2%. The cut-off values
of sensitivity and specificity of BMI and BCP are
shown in Table 4.

Table 2. The body composition parameters values of patients according to their hepatosteatosis grade

Number of

Standard

HS patients Mean deviation Minimum Maximum
Male Female Male Female Male Female Male Female Male Female
0 55 51 21.89 29.99 7.54 10.12 4.3 2.2 36 48.7
1 21 40 23.81 36.46 9.01 7.36 6.1 16 417 50
% Fat 2 29 49 25.63 39.19 6.57 8.36 14.7 13 41.6 49.9
3 4 4 31.88 44.63 3.1 6.15 28.1 36.2 34.7 50.6
Total 109 144 23.61 35.33 7.75 9.64 4.3 2.2 1.7 50.6
0 55 51 17.4 21.38 8.13 10.89 24 0.9 35.7 52.8
1 21 40 18.89 28.63 8.37 7.89 3.7 8.5 39.6 47
FM 2 29 49 22.29 34.06 7.35 11.11 9.8 5.2 37.5 52.3
3 4 4 32.05 40.98 6.49 9.74 23.6 275 38.4 50.7
Total 109 144 19.52 28.25 8.45 11.61 24 0.9 39.6 52.8
0 55 51 42.8 33.58 5.66 417 34.6 27.5 59.4 45.7
1 21 40 42.77 35.46 5.16 41 29 27.5 49.7 49.3
TBW 2 29 49 46.31 36.95 5.45 5.51 37.1 21.8 60.1 57
3 4 4 49.56 36.63 3.8 4.29 44 1 31.3 52.9 41.4
Total 109 144 43.98 35.33 5.71 4.83 29 21.8 60.1 57
0 55 51 58.46 45.86 7.73 5.7 47.2 37.6 81.2 62.4
1 21 40 58.4 48.44 7.06 5.6 39.6 37.6 67.9 67.4
FFM 2 29 49 63.57 50.48 7.33 7.53 50.7 29.8 82.1 77.9
3 4 4 67.65 50.03 5.18 5.9 60.2 42.7 72.2 56.6
Total 109 144 60.14 48.26 7.82 6.59 39.6 29.8 82.1 77.9

HS: Hepatosteatosis, FM: Fat Mass, TBW: Total Body Water, FFM: Fat Free Mass
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Table 3. Areas under the ROC curves of the measures

Man Class0 Class1 Class2 Class3
BMI 0.661* 0.589 0.676 0.925
% Fat 0.609* 0.530 0.625 0.916
FM 0.641 0.545 0.672 0.923
FFM 0.670 0.565 0.720 0.854
TBW 0.663 0.566 0.706 0.854
Woman
BMI  0.770 0.728 0.794 0.892
% Fat 0.758 0.710 0.784 0.917
FM 0.774 0.728 0.801 0.912
FFM 0.695 0.657 0.722 0.730
TBW 0.695 0.657 0.722 0.733

BMI: Body Mass index, HS: Hepatosteatosis, FM: Fat
Mass, TBW: Total Body Water, FFM: Fat Free Mass, *
P<0,05

DISCUSSION

Obesity has been worlds wide epidemic health
problem with the increase in sedentary lifestyle
and results with increased incidence of metabolic
syndrome, type 2 diabetes mellitus, hypertension
and nonalcoholic fatty liver disease. It is estimat-
ed that the incidence of NAFLD will be doubled
to 2025 [18]. Nguyen et all showed that the inci-
dence of hypertension (HT) increases up to 52.3%
in obese patients while it is 18.1% in normal popu-
lation [19]. Additionally, they showed that the in-
cidences of diabetes mellitus (DM) (2.7—14.2 %),
dyslipidemia (8.9—19%) and metabolic syndrome
(13.6—39.2%) increased by obesity according to
normal population. Some authors suggested that the
a resolution and improvement (76.8%, 85.4%) in
DM, a 33.20 mg/dl decrement in total cholesterol,
78.5% resolution and 61.7% improvement in HT
[20]. Tandra et all showed that there is 60% steato-
sis, 20-25% NAFLD and 2-3% cirrhosis in obese
patients [6]. A study revealed that while the inci-
dence of NAFLD was 9.6% in healthy childhood
population, it increases with a percentage of 68.18%
in obese children, and pointed that it roles as a pre-
dictive factor for coronary heart failure, central obe-
sity and metabolic syndrome [21]. Since all of the
diseases can be accepted as multiple variables of
a disease when the specific etiological factors ex-
cluded.

We found that the incidence of hepatosteatosis
was 40.3% in patients with a lower value of the 30
BMI index; it was 78.2% in patients with a higher
value 30 BMI index; Bellantani found the inci-
dence of NAFLD was 16.4% in non-obese popu-
lation while it was 75.8% in obese patients, paral-
lel with our results [22]. Therefore the prevalence
of NAFLD is affected by ethnicity, lifestyle and
geographical regions [23]. BCP’s clinical signifi-
cant increased with the demonstration of different
diseases with obesity. Bioimpedance analyses are
the most practical and cheapest method compared
with the CT, MR, DEXA, Pet CT in the diagnosis
of intra-abdominal visceral obesity [24]. Yamak-
age et al showed that the bioimpedance analysis
has a diagnostic value at least of CT [11]. In our
study there was a strong correlation between hepa-
tosteatosis degree and BMI % Fat, FM, TBW and
FFM (p<0.05) in male and female subjects. Only
BMI showed more significant correlation than %fat
(p=0.039) in men; but there was no statistical signif-
icant correlation between other parameters in case
of hepatosteatosis evidence.

We postulate that BCP values can have a di-
agnostic value in NAFLD as well as BMI values.
Since there is a strong correlation between abdomi-
nal adiposity with increased risk for cardiovascular
diseases and metabolic syndrome [15-17], but un-
fortunately we studied the total abdominal obesity
but we could not asses the visceral obesity because
of the technical insufficiency, and it is the major
limitation of our study. Our ongoing workouts will
enlighten this issue.

In conclusion as type 2 DM, cardiac failure, hy-
pertension, metabolic syndrome is well associated
with obesity, the evidence of these diseases must be
assess in obese population; and the BCP can be use
for diagnosis of abdominal obesity as well as CT,
MRI or DEXA with the superiority of it’s some ad-
vantages as easy use and an inexpensive modality.
There was strong correlation BMI and body compo-
sition parameters with NAFLD. When % Fat, FM,
TBW, FFM values increases, it should be suspected
there is likely to be a NAFLD.
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Table 4. The optimal

. Class 1 Class 2 Class 3

cut-off points for mea-

sures and their sensi- Cut-off Sen  Spe Cutoff Sen Spe Cut-off Sen Spe

tivities and specifities Man

according to hepatos- gy, 279 571 655 301 448 8 30 100 782

teatosis class
% Fat 28.2 23.8 80 29.8 241 873 28.1 100 80
FM 23.8 33.3 782 24.2 448 81.8 23.6 100 78.2
FFM 56.8 714 456 59 86.2 65.5 60.2 100 655
TBW 40.8 85.7 418 414 86.2 45.6 44 1 100 655
Woman
BMI 27.4 87.5 62.8 29.3 87.8 70.6 29 100 70.6
% Fat 34.3 75 68.6 35.2 83.7 726 36.2 100 745
FM 25 80 70.6 26.4 83.7 745 27.5 100 745
FFM 451 80 52.9 47.8 674 726 48.5 75 76.4
TBW 33 80 52.9 31.8 89.8 41.2 31.3 100 353

Sen: sensitivity, Spe: specificity, HS: Hepatosteatosis, FM: Fat Mass, TBW: Total Body
Water, FFM: Fat Free Mass
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Figure 1. Characteristic curves for BMI and body composition parameters
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